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CLAIMS 



(57) [Claim(s)] 

[Claim 1] The output of the first converter (6) which is equipment which carries out induction heating of the components of a 
complicated symmetry-of-revolution configuration, for example, the gearing, for the surface hardening, and supplies a RF using 
at least two different frequencies. The output of the second converter (8) which supplies medium frequency Is connected to 
one Induction coil (11) which operates simultaneously in common. The capacitor CK (7) by which said first converter (6) is a 
series resonant circuit type thing, and carries out series compensation of the reactive power of said induction coil (11) 
Feedback of medium frequency is fully attenuated from said second converter (8). Said second converter (8) It considers as a 
thing equipped with the series capacitor (12) of said output (8*), the inductance (9) arranged between the contact commons (10) 
of both converters at the serial, and an addition series resonant circuit type. The induction heating apparatus characterized by 
controlling feedback of the RF from said first converter (6), and compensating the reactive power of said inductance (9). 
[Claim 2] The output of the first converter (6) which is equipment which carries out induction heating of the components of a 
complicated symmetry-of-revolution configuration, for example, the gearing, for the surface hardening, and supplies a RF using 
at least two different frequencies. The output of the second converter (8) which supplies medium frequency is connected to 
one induction coil (11) which operates simultaneously in common. The capacitor CK (7) by which said first converter (6) is a 
series resonant circuit type thing, and carries out series compensation of the reactive power of said induction coil (11) 
Feedback of the medium frequency from said second converter (8) is fully attenuated. Said second converter (8) It considers as 
a thing equipped with a serial inductance (9) and the capacitance (13) of the addition arranged at juxtaposition at compensating 
capacitor CK (16) parallel resonant circuit type. The induction heating apparatus characterized by controlling feedback of the 
RF from said first converter (6). and compensating the reactive power of said Inductance (9). 

[Claim 3] The induction heating apparatus with which it is an induction heating apparatus given In claims 1 or 2. and both 
converters (6 8) are characterized by the power being separately controllable. 

[Claim 4] It is the induction heating apparatus which it is in the range whose first frequency it is an induction heating apparatus 
given in any 1 term of claims 1-3. and is 50kHz - 1.5MHz among both converters (6 8). and the second frequency is in the range 
of 1-20kHZ, and is characterized by moreover these two frequencies differing 5 or more times. 
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[Detailed Description of the Invention] 

This invention relates to the approach and equipment which harden the symmetry-of-revolution components of a complicated 
configuration, for example, a gearing, on the front face of induction-heating Perilla frutescens (L) Britton var. crispa (Thunb.) 
Decne. using at least two different frequencies. From the advanced technology about induction surface heating of the gearing by 
the envelopment mold circular coil (an enclosed round coil), it is known that it is difficult to realize hardening of the equal depth 
in both an addendum and a deddendum. If medium frequency is used, although hardening in a deddendum is accepted, it is not 
so in an addendum. Although hardening of an addendum is accepted if a RF is used, hardening in a deddendum is not a 
satisfaction **** thing. 

In order to solve these problems, the following three approaches are learned. 

1) The optimal frequency must be chosen about each size and design of a gearing, 

Possibility of affecting the configuration of hardening (hardening) is restricted In this approach, make it any — a satisfaction 
result is obtained to no different examples of a gearing. 

2) Heat a gearing at 500-700 degrees C before hardening by the RF. A furnace may perform this preheating and it is good also 
by the guiding means. Then, the various solution approaches are learned actually. That is, they are heating by low frequency 
with another coil, or medium frequency, or preheating with the low power by the same high frequency coil. The electromagnetic 
coupling of a heat coil and a workpiece and this have beforehand possible ^ which is what exists also in a high frequency coil 
(see the German announcement official report No. 1 .233,896). 

3) Make 2 or a different frequency beyond it act on one coil one after another in a different time interval (the German patent 
37th. 11.645-C No. 1, and the Europe patent official report No, 0,295.099). 

The possible shortest switch INGU time poses a actual top problem to the resonance frequency of the load circuit where the 
total heating time in which very high switching power supply included each heating spacing desirably (Europe patent official 
report No. 0,295.099) in relation to active component - and a reactive component is related by the above-mentioned solution 
approach since only 0.5 - 1 second are types. 

This invention aims at offering the approach of hardening a gearing's front face uniformly, and equipment based on these 
advanced technology. According to this invention, the short heating time for about 0.5 which is technical conditions - 1 second 
is maintained without preheating, but a series of switch INGU between different frequencies which pose a problem in relation to 
time amount is avoided. 

According to this invention, this technical problem is solved from the approach of supplying two frequencies which are 
simultaneously different in a single common induction coil. 

As another field of the description of this approach, said frequency is different 5 times or more than il The thing of the 
beginning of two frequencies is in the range of 50-1 .5MHz. and the 2nd thing is in the range of 1 -20kHz. 

Furthermore, the equipment of this invention for enforcing the approach is combined with an induction coil with single output of 
the first converter which supplies a RF and output of the second converter which supplies medium frequency, and the output 
power of each converter is characterized by the controllable thing according to an individual, respectively. 
According to still more neariy another description of this equipment, the first transducer is a series resonant circuit type thing, 
and the capacitor for the series compensation of induction coil reactive power realizes sufficient attenuation of the medium 
frequency feedback supplied from the second transducer. 

Corresponding to this, an inductance and another series capacitor are formed in a serial between the common junctions of the 
transducer of an output and both, by it. RF feedback of said first transducer is controlled to the second series resonant circuit 
type transducer, and it is compensated for the reactive power of said inductance. 

Or it replaces with it, the second transducer is made into a parallel resonance type thing, an inductance is prepared in a serial, 

and another capacitor is formed in the usual compensating capacitor and juxtaposition, and RF feedback of said first transducer 

can be controlled by it. and it can also design so that the reactive power of the inductance may be compensated. 

According to this invention, it is desirable to make it the first frequency be in the range of 50kHz and 1 .5MHz among the 

converters of said both, and to make it be in the range whose second frequency is 1 -20kHz. However, both frequencies are 

different 5 times or more than it. 

Drawing explains the example of this invention further. 

Drawing 1 is the schematic drawing of the heating coil used by this invention, and the quenching equipment under it. 
Drawing 2 is a sectional view by the II-II line of drawing 1. 

Drawing 3 is the schematic drawing of the first example of the equipment of this invention. 
Drawing 4 is the schematic drawing of the second example of the equipment of this invention. 

The coil 4 equipped with the quenching equipment 5 for hardening of a gearing is drawn on drawing 1 and drawing 2 as an 
example. The gearing 1 hardened is placed in the induction coil 4 equipped with a magnetic core 2 and current supply 3. It is 
made to rotate and an in order to secure heating of homogeneity with the single volume coil 4, while heating gearing is 
The inside of this coil is made into a configuration from which heating of homogeneity is obtained covering the height of a 
gearing's perpendicular direction. Immediately after heating process killing, a gearing is moved vertically, it is put into him at the 
quenching room 5, and the gearing's rapid cooling is guaranteed. In this process, it fiows from the coolant, for example, water, 
and ******5' to a gearing through orifice 5". 

For the link of two converters of a different frequency, in order to avoid abnormality actuation, the equipment designed so that 
the interaction between the converters which may be produced might be made into min is required. In consideration of the high 
frequency transducer 6 which functions with a series resonant circuit, a compensating capacitor 7 enables feedback of the 
frequency of the lower one to fully decrease (see drawing 3 and drawing 4). Theoretically, it is also possible to use the RF 
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converter of a parallel resonant circuit type gestalt. In order to control medium frequency feedback, it is required to introduce 
the filter unit which consists of an inductance for compensating a capacitor and its capacitor always. If this solution approach is 
compared with the example of the series compensation type which does not need an additional filter at all, it will not be a 
satisfaction **** thing from an economical viewpoint. In addition to it, the filter unit complicates frequency control of a parallel 
compensation RF converter considerably. 

In order to control the RF feedback to the converter 8 of the frequency of the lower one. the inductance Lf9 is used between 
the junction 10 and the converter of the frequency of the lower one. In order to use the effect of the stray inductance of the 
high current matching transformer inserted by the stray inductance of lead wlre« and the case, the junction 1 0 should be 
brought as much as possible close to an induction coil 1 1 actually. 

When used as a converter for a frequency with a lower series resonant circuit type converter (see drawing 3). at least 4 times 
of what doubled the inductance Lf9 seen from the junction 1 0 and the stray inductance must be larger than the inductance of a 
coil 1 1 . Instead, when used as a converter for a frequency with a lower parallel resonant circuit type converter (see drawing 4), 
what doubled the inductance Lf9 and the inductance between a junction 10 and the compensating capacitor 13 of the converter 
of the frequency of the lower one must be seen from a junction, and must be suitably larger than the inductance of a coil 11. 
In order to obtain sufficient inductance Lf9 especially, even if the converter of the frequency of the lower one is a series 
resonance type converter (drawing 3) and it is a juxtaposition type converter (drawing 4), an individual inductance must be 
inserted to it. Power loses in an excess by this and the demand to reactive power arises. In order to compensate the demand of 
excessive reactive power, as for the power of the serial compensating capacitor Ck15, and the power of the juxtaposition 
compensating capacitor Ckl 6. only the part of capacitance 1 2 (drawing 3) and capacitance 1 3 (drawing 1 4) must be increased, 
respectively. 

In order to separate an output in dynamic electricity, at least one converter must have a transformer 14 in an output side. 
Since both converters supply power continuously over the whole heating time as the one side face, I hear that the 
advantageous point of this invention has the high effectiveness of the power of a facility, and it has it. Thereby, the shortest 
hardening process of not preheating becomes possible. As other side faces, since the power of each converter can control 
separately, it is that the degree of freedom of the array of a hardening configuration is high to the gearing of different size or a 
gestalt. Furthermore, since a preheating does not have the need, the heat applied to a gearing can be managed with very few 
amounts. Thereby, energy is saved and change of a physical configuration is made into min. This is important at the point of 
avoiding the need for after treatment. An induction coil can be manufactured like usual. Quiescence heating or heating under 
motion is possible. 
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